Immunoreactivity to the amphibian peptide bombesin was found in instant nonfat dry milk (ca. 0.7 ng/ml) and in the whey of whole or skim bovine milk (ca. 1.2 ng/ml) even after ultracentrifugation. The soluble immunoreactivity was associated with a peptide exhibiting the following characteristics: (i) parallel displacement in an immunoassay using an antiserum recognizing bombesin amino acid residues 5-8; (ii) separation from both gastrin-releasing peptide and amphibian bombesin by gel filtration-the approximate Mr was 3,200; (iii) denaturation in urea, reduction by dithiothreitol, and acetylation by iodoacetamide had no effect on its elution profile by gel-filtration chromatography and the aggregation of added bombesin to milk proteins or peptides was not observed; (iv) reversed-phase HPLC separated milk immunoreactivity from gastrin-releasing peptide and bombesin; (v) digestion by trypsin yielded a smaller immunoreactive peptide fragment, whereas nearly all immunoreactivity was lost by treatment with a-chymotrypsin; and (vi) the level of immunoreactivity was unaffected by boiling. These data show that milk is an exogenous source of bombesin-like immunoreactivity,, which may account for the increase of gastric acid and gastrointestinal hormone levels after the consumption of milk.
Immunoreactivity to bombesin, an amphibian tetradecapeptide (1) , is distributed throughout mammalian tissues (2) (3) (4) (5) . Bombesin administered through intraperitoneal or intracisternal injection or intravenous infusion elicits diverse physiological effects in a variety of animal species, including humans (6) (7) (8) (9) (10) (11) (12) . These effects include hypertension (1, 6, 13, 14) , satiety (for review, see ref. 15) , change in sugar metabolism (16, 17) , hypothermia (18) , modulation of the level of many gastrointestinal-associated peptide hormones (6) (7) (8) (9) (10) (11) (12) (19) (20) (21) (22) (23) (24) , and increase of gastric acid secretion (7, 10, 13, 14, 19, 20) . Bombesin also releases both gastrin and gastric acid from isolated fundic mucosa (25) and acts as a spasmogen in isolated smooth muscle preparations (1, 6, 13, 14, 26) . In keeping with these observations, specific bombesin-containing cells were identified by immunohistochemistry in the gastric mucosa (27) . Furthermore, an endogenous bombesinlike gastrin-releasing peptide (GRP) was isolated from mammalian non-antral tissue (28) , and its pharmacological mode of action is similar to bombesin at comparable dosages (17, 24, 27, 29) .
Infusion of bombesin brings about an increase above basal plasma levels of the peptide hormones insulin, gastrin-inhibiting peptide, neurotensin, pancreatic polypeptide, gastrin, motilin, enteroglucagon, secretin, and growth hormone (6) (7) (8) (9) (10) (11) (12) (13) (14) (19) (20) (21) (22) (23) ; these are the same peptides that increase after the consumption of milk in human neonates (for review, see ref. 30) . Bombesin also increases the levels of somatostatin (22) and prolactin (9) . Milk, which is a rich nutrient meal, is known for its caloric components (protein, carbohydrates, fat) and micronutrients (vitamins, minerals) (31); it also contains peptide and steroid hormones (32) , prostaglandins (33) , morphine (34), melatonin (35) , and immunoglobulins (36) in addition to a growth factor and enzymes (37, 38) . Moreover, the peptide hormones and the growth factor retain their biological activities in milk (37, 39, 40) and, when ingested by the neonate, appear intact in plasma (35, (39) (40) (41) (42) 
MATERIALS AND METHODS
Milk. Pasteurized skim and whole milk from several different local dairies were purchased 5-7 days before the expiration date. Instant nonfat dry milk was the product of several major companies and reconstituted according to the manufacturer. A portion (200 ml) was acidified to pH 2.3 with formic acid and brought to 80% in cold acetone according to Brown et al. (2) for the extraction of bombesin from plasma. The extract was clarified by centrifugation (20, iodinated every 4-6 weeks as described (43) . The production of the antiserum to bombesin has been described (44 (45) , and porcine GRP produced nonparallel displacement curves relative to bombesin (Fig. 1) 
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Chromatography. Gel filtration of milk extracts used BioGel P-4 (100-200 mesh) columns (1.5 x 94 cm) equilibrated with 0.1 M formic acid. The immunoreactive peak from this column fractionation was concentrated, absorbed onto and eluted from a Sep-Pak with methanol, and injected onto a reversed-phase HPLC system [Laboratory Data Control unit fitted with a Rheodyne injector with a Spherisorb ODS 5-gm (250 x 4.6 mm) or a Bio-Sil ODS 5-,um (150 x 4 mm, endcapped) column]. The samples were eluted with linear gradients of either 0-60% or 0-80% acetonitrile (vol/vol)/0.01 M trifluoroacetic acid, pH 2.3. Fractions were collected at 1-min intervals at a flow rate of 1.0 ml/min; a 5-min delay was used before initiating the gradient. To eliminate any possible contamination of the equipment, blank gradients were assayed by RIA as described (44) . As a further precaution, the injector and column were flushed with acetonitrile between analyses and washed daily with water, acetonitrile, methanol, and chloroform/methanol 2:1 (vol/vol).
Chemical and Enzymic Treatment. Milk extract was adjusted to 8 M in urea in the presence of 10 mM dithiothreitol and reduced with iodoacetamide according to Boat et al. (46) before chromatography. The 
RESULTS
Quantitation. Whole, skim, and reconstituted dry bovine milk, whey, and the acid/acetone extract produced displacement curves in the RIA parallel to that of bombesin (Fig. 2) . To rule out the possibility that the bombesin immunoreactivity could be extracted by formic acid from a bacterial contaminant [Escherichia coli has been found to contain insulin (47)], lipids, or leukocytes (38), milk was centrifuged (100,000 x g for 30 min at 4°C) before assaying; the displacement curve of the resultant whey was superimposable on that of the original milk sample (Fig. 2) . The level of bombesin immunoreactivity in whole and skim milk was similar, about 1.2 ng/ml in bombesin equivalents, and that in reconstituted dry milk was about half of this amount ( Table 2 ). The total amount of immunoreactivity recovered in the acetone extract, however, was only 17.5 ± 6.9% (n = 4). The boiling of whole milk to inhibit proteases that could interfere with the RIA (48) gave identical results. The recovery of 6.2 pmol of bombesin added to whole milk was 90.3 ± 20.6% (n = 4).
The replacement of labeled bombesin by iodinated GRP in the RIA also resulted in nonparallel displacement curves by the heterologous peptide. In this case, however, whole milk caused a concentration-dependent precipitation of labeled GRP (data not shown).
Gel Filtration. Chromatography of the acid/acetone extract of milk consistently gave a single symmetric peak of immunoreactivity of Kay 0.07, which corresponded to an apparent Mr of 3,200 (Fig. 3) . This bombesin-containing material was completely separated from immunoassayable porcine GRP (Ka,, 0.24; radioiodinated GRP was slightly retardDry milk, volume (,ul) ed relative to GRP with Kav = 0.29). The trypsin-treated immunoreactive material eluted in the region of lower molecular weight peptides (Fig. 3) . Digestion with a-chymotrypsin eliminated =95% of the immunoreactivity and no discernable peak eluted from the P-4 column.
To verify that the immunoreactivity existed in a single peptide chain, rather than as an aggregate or a sulfhydryl crosslinked molecule, two experiments were carried out. In one, a portion of the acetone extract was treated with urea, dithiothreitol, and iodoacetamide (46) and then rechromato- graphed. The peak of bombesin immunoreactivity eluted with the same Kav as the original untreated sample (Fig. 3) .
In the other, 6 .2 pmol of bombesin was added to milk to serve as an internal control for possible aggregation during extraction with acid and acetone: milk immunoreactivity and bombesin were clearly separated (data not shown).
HPLC. Analysis of bombesin immunoreactivity in the milk extract focused on its separation from porcine GRP and amphibian bombesin. A single peak of bombesin immunoreactivity was found at a retention time of 27.9 min and was completely resolved from GRP (35.8 min) (Fig. 4) . Coinjection of approximately equal concentrations of bombesin immunoreactivity and GRP gave the same resolution. The recovery of bombesin immunoreactivity and GRP from a non-endcapped ODS column (Spherisorb) also differed considerably: 77.1 ± 19.1% (n = 8) and 10.4 ± 2.4% (n = 5), respectively, using the appropriate standard in the RIA. Under these chromatographic conditions, the amphibian bombesin elutes between the two peptides (44 (Fig. 2) further augments this point because neither porcine GRP nor alytesin showed this type of parallel immunodisplacement curve; in fact, both peptides were nonparallel competitors in the RIA (Fig. 1) . Thus, the data suggest that bombesin residues 6 and 7 (asparagine and glutamine) exist in milk bombesin in the appropriate sequence. Furthermore, the recovery of immunoreactivity after boiling milk eliminates the possibility that a proteolytic enzyme was responsible for the parallel RIA curves (48) . The quantity of bombesin immunoreactivity in a half-pint of milk (ca. 240 ng) could be sufficient to cause the release of both gastrin and gastric acid in the stomach. Several of the peptide hormones found in milk-e.g., prolactin (39) (40) (41) , thyrotropin-releasing hormone (42, 49) , and luteinizing hormone-releasing hormone (49) (50) (51) , as well as melatonin (35)are absorbed through the gastrointestinal wall and appear in the plasma as bioactive molecules that could presumably interact with receptors. The amount of bombesin used in intravenous infusions in human subjects indicates that relatively low concentrations produce significant hormonal changes (6, (10) (11) (12) . Thus, considering the volume of milk consumed daily by neonates (30) , the concentration of bombesin immunoreactivity could be sufficient to produce local hormonal effects. We speculate that the biological function of this bombesin immunoreactivity may be linked to its release of gastric acid and a wide variety of gastrointestinal peptide hormones that could "trigger a cascade of developmental changes" throughout the gastrointestinal tract in the neonate (30) . Furthermore, the therapeutic use of bovine milk in adult ulcer patients was recently questioned due to the observed increase in stomach acidity,t because it appears that milk released gastric acid to exacerbate the symptoms. Thus, one approach for future therapy for ulcer patients may be linked to the development of synthetic antagonists of the bombesin immunoreactive peptide or possibly a hybrid molecule containing bombesin sequences and the bioactive sequence of urogastrone, a peptide that inhibits gastric acid output.
The tissue of origin for the bombesin immunoreactivity found in milk is unknown at the present time. Most of the peptide hormones found in milk normally occur in plasma and usually reach a steady-state level between milk and plasma soon after birth (52) (53) (54) (55) . Possible tissue sources for bombesin immunoreactivity in milk may be neural or extraneural tissue or both. For example, several known neuropeptides, thyrotropin-releasing hormone (56), somatostatin, corticotropin-releasing factor (57) , and prolactin (58) , are also found in the pancreas. Even GRP (59, 60) and other bombesin-like peptides (60, 61) are apparently associated with nerve tissue. On the other hand, mammary gland epithelial cells or plasma cells recruited to the gland from the gut, which contain IgA (36), may secrete bombesin immunoreactivity. Whatever the case may be, the existence of a peptide in mammalian tissue containing homology to an amphibian peptide is indeed an interesting example of structural conservation in evolutionnot only of the peptide itself, but also of genetic components and receptor sites (44, 62) . Hazum (66) , and a thorough review of the neuronal action of peptides from amphibian skin also appeared by Erspamer and Melchiorri (67) .
